A. Identification of the dissociation co-fragment
For two-body photodissociation at the n photon level of the diatomic molecule VX conservation of energy requires:
where EVX, EV, and EX are the internal energies of the parent VX molecule, the V atom photofragment, and the co-fragment, X, respectively. D0(V-X) is the ground state dissociation energy of VX, and TKER is the total kinetic energy release. Conservation of momentum requires allows the TKER in Equation 1 to be expressed in terms of the V fragment KER
Substitution of Equation 2 into Equation 1, followed by re-arrangement, yields the following expression for KER(V):
Hence a plot of KER(V) versus photon energy, hν, is a linear function with a slope of n/(1+mV/mX) allowing the number of photons involved in a photofragmentation process and the identity of the co-fragment X can be determined. A plot of all measured V atom KERs in the photon energy range 19912-20072 cm -1 is shown in Figure 1 Table S1 lists possible a range of plausible co-fragment candidates with the corresponding number of photons required to dissociate the parent molecule. Given that an integer number of photons must be involved, the most likely co-fragment is oxygen, justified further by the fact that VO is the only molecular species observed in the molecular beam. 
B. Best determination of the VO dissociation energy
The V* a 2 G + O 3 P channel is confidently assigned in several images recoded via C 4 Σ -(v' = 5, 6, 7) allowing precise extrapolation to TKER = 0 under the assumption of dissociation the three-photon level. This, in turn, provides a best estimate of the VO experimental dissociation energy of 53126 ± 263 cm -1 . 
C. Calculation of D0(VO + ) and Comparison to Literature Values
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